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An analysis of the grassland vegetation of the rocky outcrops of the Heilbron-Lindley-Warden-Villiers area, 
northern Orange Free State, is presented. Releves were compiled in 42 stratified random sample plots. A 
TWINSPAN class~ication, refined by Braun-Blanquet procedures, revealed four plant oommunities. This was oon-
firmed by the ordination of the plant oommunrties. All oommunities could be related to spec~ic environmental 
conditions. A hierarchical class~ication and phytosociological description of the plant communrties are presented. 
'n Analise van die grasveldplantegroei van die rotsagtige dagsome van die Heilbron-Lindley-Warden-Villiers 
gebied, noordelike Oranje-Vrystaat, word aangebied. Releves is in 42 gestratifiseerde, willekeurig gekose 
monsterpersele saamgestel. 'n TWINSPAN-klassifikasie, verfyn deur Braun-Blanquet-prosedures, het vier 
plantgemeenskappe aangetoon, wat deur die ordening van die gemeenskappe bevestig is. Aile plantgemeen-
skappe is geassosieer met spesifieke omgewingstoestande. 'n Hierargiese klassifikasie en fitososiologiese 
beskrywing van die plantgemeenskappe word aangebied. 
Keywords: Braun-Blanquet classification, Grassland Biome, plant communities, southern Africa, synecology. 
Introduction 
The necessity to identify, classify and describe the 
vegetation types and plant communities within the Grass-
land Biome was stressed by Mentis and Huntley (1982) and 
Scheepers (1986). The end result of the classification and 
mapping of the Grassland Biome would be the delineation 
of ecologically interpretable, relatively homogeneous vege-
tation units which can be used for land-use planning, 
management and conservation. 
This study forms part of the overall phytosociological 
synthesis of the Grassland Biome. A broad-scale description 
of the physical environment and major plant communities of 
the study area is presented elsewhere (Fuls et al. 1993b). 
Subsequently, this paper reports on the more detailed 
analysis of the grassland communities associated with the 
rocky outcrops of the Heilbron-Lindley-Warden-Villiers 
area of the northern Orange Free State. The plant commun-
ities of the rocky outcrops have previously been described 
(Fulls et al. 1993a). 
Study area 
The study area lies within the western climatic climax 
Grassland Biome of southern Africa and is situated between 
27°45' and 29°00'E longitude and 27°()()' and 28°00'S 
latitude (Figure 1). The area covers approximately 
1 000 000 ha and lies between 1500 and 1800 m above sea-
level. The topography comprises a mosaic of flat, slightly 
undulating and undulating terrain. Isolated hills and ridges 
are encountered occasionally in the northern part, and more 
frequently in the southern part [see Fuls et al. (1993b) for a 
more detailed discussion of the study area] . 
Methods 
Releves were compiled in 42 stratified random sample plots. 
Care was taken to restrict sample plots to vegetation in 
pristine condition whenever possible. Severely degraded 
stands were avoided. Stratification was based on topograph-
ical position (crest, plateau or slope), aspect and geology. 
Plot sizes were approximately 10 m x 10 m (Scheepers 
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Figure 1 The study area in which the grassland communities of 
the rocky outcrops were analysed. 
1975). In each sample plot all species were recorded and 
their respective canopy cover values and/or abundance 
recorded, according to the Braun-Blanquet cover-abundance 
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Figure 2 The hierarchical classification and associated ecological characteristics of the different plant communities. Numbers of 
communities correspond with descriptions in text. 
scale (Mueller-Dombois & Ellenberg 1974). Taxa names 
conform to those of Gibbs Russell et ai. (1985, 1987). 
Environmental data recorded include geology, topographical 
position, soil type and depth, soil texture, aspect, slope, 
rockiness of the soil surface, erosion, soil crusting/compac-
tion and utilization by herbivores. 
Two-way indicator species analysis (TwINSPAN) (Hill 
1979a) was applied to the floristic data set in order to derive 
a first approximation of the plant communities of the area. 
Bredenkamp et ai. (1991) found that TwINSPAN is useful as 
a first classification. Refinement of the TwINSPAN classifica-
tion was done by the application of Braun-Blanquet proce-
dures [see also Bredenkamp et ai. (1989), Kooij et ai. 
(1990)] . From the final phytosociological table, four plant 
communities were identified. In order to determine and 
statistically quantify possible vegetation gradients, 
Detrended Correspondence Analysis (DECORANA) (Hill 
1979b) was applied to the floristic data set. 
Results and Discussion 
A diagrammatic presentation of the hierarchical classifica-
tion and associated environmental interpretation of the four 
plant communities identified is presented in Figure 2. 
The grasslands of the rocky outcrops are notably species-
rich. A total of 194 species were recorded in the 42 releves 
with an average of 34 species per releve. A similar species 
richness was encountered in the grasslands of the rocky 
outcrops of the eastern Transvaal (Matthews et ai. 1991). In 
contrast, the grasslands of the undulating plains of the study 
area were not found to be as species-rich, as only a total of 
221 species in 100 releves with an average of 23 species per 
releve were recorded. A low species count, averaging 24 
species per releve, was also recorded in the undulating 
grasslands to the west of the study area (Fuls et ai. 1992b). 
An even lower species richness was recorded in grasslands 
to the east of the study area (Eckhardt et ai. 1993a). 
The relative species richness of the rocky outcrops is 
ascribed to the variety of niches created by the rocks present 
(including variances in rock sizes and cover) as well as 
differences in slopes, aspects, soil depth and soil moisture 
associated with the hills and ridges. 
The grassland communities of the rocky outcrops cover 
less than 5% of the total land area of the study area. With 
the exception of two releves, all surface rock associated with 
these grassland communities was found to be doleritic. 
The grassland vegetation of the rocky outcrops can be 
broadly classified as an Aristida diffusa - Themeda triandra 
Grassland. 
Classification 
The hierarchical classification of the Aristida diffusa -
Themeda triandra Grassland is as follows: 
1 Aristida diffusa - Themeda triandra Grassland 
1.1 Tristachya ieucothrix - Harpochioafaix Grassland 
1.1.1 Andropogon appendicuiatus - Koeleria cap-
ensis Grassland 
372 
l.l.2 Digitaria tricholaenoides - Elionurus muticus 
Grassland 
1.1.2.1 Tristachya leucothrix - Elionurus 
muticus Grassland 
1.1.2.2 Setaria nigrirostris - Hyparrhenia 
hirta Grassland 
1.2 Aristida congesta - Aristida canescens Grassland 
Description of the communities 
The floristics and associated environmental attributes for the 
respective plant communities are given below. 
1. Aristida diffusa - Themeda triandra Grassland 
Diagnostic species Group I; type releve 184. 
This grassland occurs on westerly, southerly and easterly 
facing slopes as well as crests and plateaus of the rocky 
outcrops. Generally, this plant community was not encount-
ered on northerly facing slopes. The northerly facing slopes 
characteristically are associated with larger shrubs and trees 
(see Fuls et al. 1993a). The almost universal presence of a 
conspicuous woody component on northerly facing slopes is 
ascribed to the warmer micro-climate thereof, as it is prob-
ably more inducive to the germination and growth of woody 
species. 
The most common, often co-dominant grass species 
encountered in this grassland are the medium to large, 
tufted, perennials Themeda triandra, Cymbopogon pluri-
nodis, Aristida junciformis, Heteropogon contortus, Aristida 
dijfusa, Brachiaria serrata, Eragrostis curvula, Elionurus 
muticus, Eragrostis racemosa and Setaria sphacelata 
(species group I, Table 1). In combination, these graminoids 
often comprise more than 70% of the total canopy cover. 
Trees and larger shrubs were found to be totally absent 
from this plant community. Furthermore, the small shrubs 
present in this grassland are often inconspicuous, with no 
shrub species occurring generally in all the plant commun-
ities (Table 1). Shrubs occasionally encountered in these 
grasslands include the small, karroid shrubs Stoebe vulgaris 
(species group I) and Felicia muricata (species group D), 
the small to medium, cladophylleous Protasparagus lari-
cinus (species group A), the small, often decumbent Rhyn-
chosia adenodes, the small, erect Rhus discolor (species 
group B) and the slightly larger, lateral spreading, decum-
bent shrubs Rhus rigida and Grewia occidentalis (species 
group C) (Table 1). 
Anthospermum hispidulum and Scabiosa columbaria are 
the only forbs frequently encountered in this plant commun-
ity (species group I, Table 1). 
1.1 Tristachya leucothrix - Harpochloa falx Grass-
land 
Diagnostic species Group E; type releve 191. 
This plant community is associated with wet to slightly 
moist slopes and crests which are relatively undisturbed to 
mildly disturbed and/or overutilized. 
Diagnostic, perennial grass species frequently encounter-
ed in this grassland community, but seldom dominant, are 
the medium-sized, rhizomatous as well as tufted Harpochloa 
falx, Setaria nigrirostris and Trachypogon spicatus; and the 
medium-sized, tufted Tristachya leucothrix (species group 
E, Table 1). 
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The conspicuous, erect, laticiferous forb Pachycarpus 
schinzianus is frequently encountered in this plant com-
munity (species group E, Table 1). Other diagnostic forbs 
often found in this grassland include Helichrysum 
rugulosum, Cephalaria zeyheriana, Helichrysum nudifolium, 
Hibiscus aethiopicus and Polygala hottentottica (species 
group E, Table 1). 
The only diagnostic shrub of this plant community is the 
small, multi-branched, foliose Indigofera hedyantha (species 
group E, Table 1). 
1.1.1 Andropogon appendiculatus - Koeleria capensis 
Grassland 
Diagnostic species group A; type releve 103. 
This plant community is found on wet, southerly facing 
slopes of rocky outcrops (Figure 3). The slopes vary from 
15 to 45°, the aspect being south-west to south to south-
east. 
Diagnostic graminoids are the small to medium-sized, 
densely tufted, perennial Koeleria capensis, which is in 
particular associated with cool slopes, and the medium-
sized, rhizomatous and tufted, perennial Andropogon 
appendiculatus (species group A, Table 1). The latter 
species pre-eminently indicates a very moist habitat. The 
non-diagnostic grass species Harpochloafalx sometimes has 
a particularly high canopy cover in this plant community 
(species group E, Table 1). 
The diagnostic forb species of this plant community, such 
as Senecio hastatus, Helichrysum cephaloideum and 
Schistostephium crataegifolium (species group A, Table 1), 
are characteristically associated with moist slopes. The only 
diagnostic shrub sometimes present in this plant community 
is Protasparagus laricinus (species group A, Table 1). The 
xerophytic fern Mohria caffrorum is also encountered in this 
grassland community. On average, 36 species per releve 
were recorded for this plant community. 
1.1.2 Digitaria tricholaenoides - Elionurus muticus 
Grassland 
Diagnostic species Group D; type releve 190. 
This grassland community is predominantly associated with 
moist to slightly moist crests and plateaus, rarely occurring 
on slopes. If present on slopes, the plant community may 
sometimes be restricted to the upper half of the slopes. The 
inclination varies from 0 to 20°. Aspects were found to be 
exclusively westerly or easterly. 
Diagnostic graminoids include the small, mat-like, rhi-
zomatous perennial Digitaria tricholaenoides (not encount-
ered as tufts, possibly owing to severe defoliation by live-
stock) and the small to medium, loosely tufted, perennial 
Cymbopogon excavatus (species group D, Table 1). 
Diagnostic forbs include Vernonia oligocephala, Hypoxis 
rigidula and Turbina oblongata (species group D, Table 1). 
The only diagnostic shrub sometimes associated with this 
plant community is Felicia muricata (species group D, 
Table 1). 
1.1.2.1 Tristachya leucothrix - Elionurus muticus 
Grassland 
Type releve 107. 
This grassland is encountered on moist crests and plateaus 
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Table 1 Phytosociological table of the grassland communities of the rocky out-
crops of the northern Orange Free State 
Community number 
Releve number 
Species Group A 
Koeleria capensis 
Andropogon appendiculatus 
Senecio hastatus 
Hel ichrysum cephaloideum 
Schistostephium crataegifol ium 
Mohria caffrorum 
Peucedanum magal ismontanum 
Senae i a aff j " i s 
Sutera aurantiaca 
Protasparagus I ar i c i nus 
Species Group B 
Rhynchosia adenodes 
Hel ictotrichon turgidulum 
Rhus discolor 
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Aspect 
Plant 
commu-
nity 
Terrain 
unit 
Table 1 Continued 
Community number 
Releve number 
Species Group H 
Hermannia depressa 
Dicoma anomala 
Cyanotis speciosa 
Crabbea Beau lis 
Microchloa caffra 
Species Group I 
Themeda triandra 
Cymbopogon plurinodis 
Aristida junciformis 
Heteropogon contortus 
Aristida diffusa 
Brachiaria serrata 
Eragrostis curvula 
EI ionurus muticus 
Eragrostis racemosa 
Setaria sphacelata 
Anthospermum hispidulum 
Eragrostis capensis 
Scabiosa cOlumbaria 
Eragrostis plana 
Trichoneura grandiglumis 
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Physal is viscosa 
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Gazania krebsiana 
Stoebe vulgaris 
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Figure 3 A schematic illustration of the distribution of the plant communities on the rocky outcrops. 
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(Figure 3). 
This plant community does not contain exclusive diag-
nostic species but is rather characterized by the absence of 
the diagnostic species of the Andropogon appendiculatus -
Koeleria capensis Grassland (species group A) as well as 
the Setaria nigrirostris - Hyparrhenia hirta Grassland 
(species group C) (Table 1). 
group I) (Table 1). Forbs occurring commonly include 
Dicoma anomala. Crabbea acaulis (spccies group H) and 
Scabiosa columbaria (species group I) (Table 1). 
Grass species frequently encountered in this community 
include Digitaria tricholaenoides (species group D), 
Tristachya leucothrix (species group E), Themeda triandra, 
Elionurus muticus and Heteropogon contortus (species 
On average, 31 species per releve were recorded for this 
plant community. 
1.1.2.2 Setaria nigrirostris - Hyparrhenia hirta Grass-
land 
Diagnostic species group C; type releve 120. 
This plant community is associated with slightly moist 
crests and plateaus, occasionally occurring on easterly or 
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westerly facing slopes (Figure 3). 
Hyparrhenia hirta, a large, tufted, perennial grass species, 
is conspicuously diagnostic for this plant community, some-
times being clearly dominant (species group C, Table 1). 
The diagnostic, medium-sized, tufted, perennial Dihetero-
pogon amplectens, is also frequently encountered in this 
plant community. The other diagnostic graminoids, namely 
Melinis nervigiumis and Pennisetum sphacelatum, are only 
seldom encountered (species group C, Table 1). 
Diagnostic shrubs are Solanum panduriforme (indicating 
some degree of disturbance), Rhus rigida, Lantana rugosa 
and Grewia occidentalis (species group C, Table 1). Diag-
nostic forbs include Salvia runcinata, Berkheya radula and 
Helichrysum dregeanum (species group C, Table 1). 
On average, 39 species per releve were recorded for this 
plant community. The higher number of species, compared 
to the other plant communities, is ascribed to a greater niche 
variety encountered within this plant community. The niche 
variety is probably the result of the mild, patch-like 
overgrazing/disturbance often noticed within this plant 
community. In addition (or as a result thereof), there were 
sometimes noticeable micro-scale moisture gradients present 
within this plant community, varying from moist to dry. 
1.2 Aristida congesta - Aristida canescens Grassland 
Diagnostic species group F; type releve 218. 
This plant community occurs on dry, overutilized and dis-
turbed crests and plateaus (Figure 3). Isolated patches of this 
grassland were sometimes found on dry, disturbed, westerly 
or northerly facing slopes. 
This grassland community is primarily characterized b.y 
the absence of species listed in species groups A - E (Table 
1). The only mildly diagnostic species is the small, annual 
or bi-annual, tufted, pioneer grass species Aristida congesta 
subsp. congesta (species group F, Table 1). This species is 
indicative of the disturbance associated with this plant 
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community. Noteworthy is the high canopy cover, some-
times dominance, of the medium-sized, wiry, perennial, 
tufted graminoids Aristida canescens (species group G) and 
Aristida diffusa (species group I) within this plant 
community (Table 1). Aristida canescens, in particular, is 
characteristically indicative of dry and disturbed crests and 
slopes. 
A particularly low species count, averaging 23 species per 
releve, was recorded for this plant community. This is 
ascribed to the obviously adverse micro-climatic conditions 
encountered in this plant community, enhanced by the 
regional drought experienced at the time of field surveys. 
Subsequently, the establishment of seedlings was severely 
hampered, favouring only a few species which are well 
suited to thrive under such harsh circumstances. 
Ordination 
The distribution of the releves along the first and second 
axes of the ordination is presented in Figure 4. Generally, 
the releves of the different plant communities are restricted 
to specific areas in the scatter diagram. A distinct dis-
continuity in the distribution of the plant communities can 
be observed. 
The spacial distribution of the releves gives an indication 
of the affinities between specific releves of plant commun-
ities 1.1.2.1 and 1.1.2.2, both with regard to habitat (all 
associated with relatively moist crests in this instance) and 
species composition (Table 1). Releves clustered to the far 
right of the scatter diagram (belonging to plant community 
1.1.2.2) are all characteristically associated with a high 
canopy cover of Hyparrhenia hirta (Figure 4; Table 1). 
Concluding remarks 
All plant communities could be related to specific 
environmental conditions and are therefore ecologically 
distinguishable and interpretable. Subsequently, the 
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Figure 4 The DCA ordination of the grassland communities of the rocky outcrops of the study area. 
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presented delineation of the grassland commurutItes and 
associated habitats should be used as a basis for future 
management and conservation of these areas. 
With the exception of the woody species, there are dis-
tinct similarities between the Cymbopogono plurinodis -
Harpochloionfalcis and Heteropogono contorti - Aristidion 
diffusae plant communities found to the west of the study 
area (Fuls et al. 1992a) and the grassland communities de-
scribed in this paper. However, the rocky-outcrop-associated 
communities to the east are markedly different from those 
described here (Eckhardt et al. 1993a,b). The restricted 
distribution of these grassland communities of the rocky 
outcrops, together with their recorded species richness, 
makes it imperative that the conservation of these plant 
communities and ecosystems receives high priority. 
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